TITLE OF THE INVENTION 
APPARATUS AND METHOD OF DETECTING GROUND FAULT OF 
SOLAR POWER GENERATION SYSTEM 

5 FIELD OF THE INVENTION 

The present invention relates to a ground fault 
detection apparatus and method for a solar power 
generation system and, more particularly, to a ground 
fault detection apparatus and method of detecting a 
10 ground fault state of a solar battery and stopping an 
inverter in a solar power generation system which 
converts DC power generated by the solar battery into 
AC power by a non-insulated type inverter and outputs 
the AC power to a commercial power system. 

15 

BACKGROUND OF THE INVENTION 

In recent years , since problems of global warming 
due to carbon dioxide emission by use of fossil fuel 
and radioactive contamination by nuclear power plant 

20 accidents and radioactive waste have become serious, 

interests in global environment and energy are growing. 
Under these circumstances , solar power generation that 
uses solar light, i.e., an optical energy as an 
inexhaustible and clean energy source has been expected 

25 in the world. 

Solar power generation apparatuses using solar 
batteries employ various forms corresponding to output 
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scales from several W to several thousand kW. For 
general homes , solar power generation apparatuses that 
combine a 3- to 5-kW solar battery with a 3- to 5-kW 
inverter are generally used. In an apartment house or 
public facility where the solar battery installation 
area can be made larger than that for a general home, a 
solar power generation apparatus that combines a 10 -kW 
solar battery with two to three 3- to 5-kW inverters 
connected in parallel is used. 

A typical system using a solar battery converts 
(DC/ AC -converts) DC power generated by a solar battery 
into AC power and supplies the AC power to a commercial 
power system. Fig. 8 is a circuit diagram showing the 
schematic arrangement of such a solar power generation 
apparatus . 

Referring to Fig. 8, reference numeral 101 
denotes a solar battery array constituted by connecting 
a plurality of solar battery modules in series to form 
solar battery strings and connecting the solar battery 
strings in parallel; 102, an inverter for executing 
DC/AC conversion; and 104, a commercial power system. 

The DC output from the solar battery array 101 is 
collected by a current collecting box (not shown) and 
converted into commercial AC power by the inverter 102. 
A solar power generation apparatus is constructed by 
the solar battery array 101, current collecting box, 
and inverter 102. AC power generated by the solar 



power generation apparatus can be supplied to a load in 
home or to the commercial power system 104 through a 
distribution switchboard (not shown). 

To prevent any electrical shock and to protect 
the current path in case of a DC ground fault in the 
solar battery array 101, a current transformer 105, 
control circuit 106, and system interconnection switch 
108 are arranged in the conventional inverter 102. 

A detection circuit in the current transformer 
105 compares the value (ground fault detection value) 
of the differential current between the positive and 
negative poles of the solar battery array 101 with a 
predetermined threshold value, thereby detecting a 
ground fault in the solar battery array 101. If a 
ground fault is detected, the control circuit 106 stops 
an inverter circuit 107 in the inverter 102 and also 
turns off the system interconnection switch 108 to 
ensure the safety and protect the commercial power 
system. 

In an arrangement disclosed in Japanese Patent 
Laid-Open No. 09-285015, an increase in capacitance 
between ground and a solar battery module due to water 
droplets sticking onto the solar battery module is 
taken into consideration. When a ground fault 
detection value representing a ground fault state is a 
predetermined value or more, the output power of the 
inverter circuit 107 is suppressed. If the ground 



fault detection value is still the predetermined value 
or more, the inverter circuit 107 is stopped, and the 
system interconnection switch 108 is turned off. 

However, the conventional apparatus has the 
following disadvantages . 

A voltage variation corresponding to the 
commercial AC frequency output from the inverter 
circuit 107 occurs in the DC current path of the 
inverter 102. This variation in voltage is transmitted 
to the DC current path of the solar battery array to 
cause a variation in AC current to ground (a variation 
in ground level). This variation in AC current to 
ground changes to an AC leakage current component by 
the capacitance of the solar battery array itself. The 
AC leakage current component increases as the current 
amount supplied to the inverter circuit, i.e., the 
power generation amount of the solar power generation 
apparatus increases . 

In ground fault detection of the inverter, when a 
ground fault has occurred in the DC current path of the 
solar battery, the DC current path must be immediately 
disconnected from the commercial power system to 
prevent the ground fault current from continuously 
flowing. Hence, the sensitivity of ground fault 
detection of the inverter must be set high. 

For this reason, in the conventional apparatus, 
even when the DC current path has no ground fault, an 



operation error may occur so that a ground fault state 
may be determined due to the influence of the AC 
leakage current component by an electrostatic 
capacitance and the inverter may be stopped. 

Additionally, in the apparatus disclosed in 
Japanese Patent Laid-Open No. 09-285015, since the 
power generation amount is suppressed when the ground 
fault detection value increases due to the influence of 
the electrostatic capacitance, the total power 
generation amount of the solar power generation 
apparatus decreases . 

SUMMARY OF THE INVENTION 
The present invention has been made in 
consideration of the above situations, and has as its 
object to provide an apparatus and method of detecting 
a ground fault in a solar power generation system, with 
which a ground fault state can be accurately determined. 

In order to achieve the above object, according 
to one aspect of the present invention, there is 
provided a ground fault detection apparatus for 
detecting a ground fault of a solar battery in a solar 
power generation system which causes a non -insulated 
type inverter to convert DC power generated by the 
solar battery into AC power and outputs the AC power to 
a commercial power system, comprising: 

differential current detection means for 



detecting a differential current between output lines 
of the solar battery; 

AC leakage current removing means for removing an 
AC leakage current component due to a capacitance to 
ground of the solar battery from the differential 
current ; and 

determination means for determining whether a 
ground fault state has occurred by comparing a current 
value output from the AC leakage current removing means 
with a predetermined threshold value. 

That is, in the present invention, in a solar 
power generation system which causes a non-insulated 
type inverter to convert DC power generated by a solar 
battery into AC power and outputs the AC power to a 
commercial power system, in detecting a ground fault, 
the differential current between the output lines of 
the solar battery is detected, an AC leakage current 
component due to the capacitance to ground of the solar 
battery is removed from the differential current, and 
it is determined whether a ground fault state has 
occurred by comparing a current value after removal of 
the AC leakage current component with a predetermined 
threshold value. 

With this arrangement, any ground fault state 
determination that is caused by the influence of the AC 
leakage current component due to the electrostatic 
capacitance although the DC current path is not in the 



ground fault state can be prevented, and a ground fault 
state can accurately be determined. 

Other features and advantages of the present 
invention will be apparent from the following 
description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 
the same or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 
illustrate embodiments of the invention and, together 
with the description, serve to explain the principles 
of the invention. 

Fig. 1 is a block diagram showing the arrangement 
of a solar power generation system including the first 
embodiment of a ground fault detection apparatus 
according to the present invention; 

Fig. 2 is a circuit diagram showing details of an 
inverter circuit 7 shown in Fig. 1; 

Figs . 3A to 3D are graphs showing signal 
waveforms related to ground fault detection in the 
ground fault detection apparatus shown in Fig. 1; 

Figs. 4A to 4F are graphs showing signal 
waveforms at various portions in Fig. 1; 

Fig. 5 is a block diagram showing the arrangement 
of a solar power generation system including the second 



embodiment of a ground fault detection apparatus 
according to the present invention; 

Fig. 6 is a block diagram showing the arrangement 
of a solar power generation system including the third 
embodiment of a ground fault detection apparatus 
according to the present invention; 

Fig. 7 is a graph showing the relationship 
between the power generation amount of the solar power 
generation system and the leakage current prediction 
value by a capacitance to ground value; and 

Fig. 8 is a block diagram showing the arrangement 
of a solar power generation system including a 
conventional ground fault detection apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of a ground fault detection apparatus 
in a solar power generation system according to the 
present invention will be described below in detail 
with reference to the accompanying drawings. 
[First Embodiment] 

Fig. 1 is a block diagram showing the schematic 
arrangement of a solar power generation system which 
employs the first embodiment of a ground fault 
detection apparatus according to the present invention. 
Main components will be briefly described. 

Referring to Fig. 1, reference numeral 1 denotes 
a solar battery array which is constituted by 



connecting a plurality of solar battery modules in 
series to form solar battery strings and connecting the 
solar battery strings in parallel. The solar battery 
module can use either an amorphous -silicon-based 
material, polysilicon, or crystallized silicon for the 
photoelectric conversion section. An appropriate solar 
battery module is used in accordance with the 
application purpose or installation site. 

Reference numeral 2 denotes an inverter. The 
output from the solar battery array 1 is collected by a 
current collecting box (not shown) and then guided to 
the inverter 2. In the inverter 2, DC power output 
from the solar battery array is converted into AC power, 
or the voltage/ current operating point of the solar 
battery is kept at the maximum power by adjusting the 
DC voltage or DC current. 

The output line from the inverter 2 comprises two 
voltage lines and one neutral line so that a 200-V 
single-phase three-wire system is formed with an AC 
voltage of 200 V between the two voltage lines. 

The single-phase three-wire output of 200 V from 
the inverter 2 is output to a commercial power system 4. 
That is, AC power generated by the solar power 
generation system is connected to the commercial power 
system 4. The Inverter 2 and commercial power system 4 
are connected through a distribution switchboard (not 
shown). In addition to the inverter 2 and commercial 



power system 4, a load (not shown) in home is also 
connected to the distribution switchboard. 

When the power generation amount of the solar 
power generation system exceeds the use amount of the 
load, the power is sold to the commercial power system. 
To the contrary, when the power generation amount of 
the solar power generation apparatus is smaller than 
the use amount of the load, power is bought from the 
commercial power system. 

Main components of the inverter 2 will be 
described next. 

To convert DC power output from the solar battery 
array 1 into single-phase AC power of 200 V, a booster 
circuit 9 boosts a received DC output voltage to 320 V. 
For this value, an increase in system voltage is added 
to the peak value of the AC output voltage. 

The solar battery array 1 used in the present 
invention has an array structure with an optimum 
operation voltage of 200 V. Since maximum power 
operating point tracing control is executed within the 
range of 150 to 300 V, the booster circuit 9 outputs a 
voltage of 320 V with respect to an input voltage of 
150 to 300 V. 

The booster circuit 9 of this embodiment is 
formed from a boost chopper circuit, as shown in Fig. 1, 
and the switching frequency is 20 kHz. 

An inverter circuit 7 converts the power boosted 
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to a DC voltage of 320 V by the booster circuit 9 into 
commercial AC power. Fig. 2 is a circuit diagram 
showing details of the inverter circuit 7 . 

In the inverter circuit 7 of this embodiment, an 
IGBT is used as the switching element of the main 
circuit. The operation frequency is set to 20 kHz more 
than the audio frequency. The inverter circuit 7 is 
formed from four IGBT elements Ql to Q4 and filters L 
and C. The inverter circuit 7 repeatedly turns on/off 
the IGBT elements by sine wave modulation PWM control, 
thereby converting DC power into AC power. 

A system interconnection switch 8 is formed from 
an electromagnetic relay that can be turned on/off by 
an external signal in this embodiment. 

The system interconnection switch 8 is turned on 
in the operative state of the inverter and turned off 
in the stop state of the inverter. When an error in 
the inverter 2 or commercial power system 4 is detected 
during the operation of the solar power generation 
system, the system interconnection switch 8 is 
disconnected by a disconnection instruction from a 
control circuit 6 . 

A current transformer 5 is arranged in the 
inverter 2 to prevent any electrical shock and to 
protect the current path when a ground fault has 
occurred in the solar power generation system. The 
current transformer 5 outputs the differential current 
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between the positive and negative poles of the solar 
battery array 1 , which is necessary to detect a ground 
fault state of the solar battery array 1. 

In this embodiment, the current transformer 5 is 
arranged in the DC current path at the input of the 
inverter 2. However, the current transformer 5 may be 
arranged in the AC current path at the output of the 
inverter 2 or may be inserted between the booster 
circuit 9 and the inverter circuit 7 while putting the 
two lines together. This is because in the 
transformerless scheme of this embodiment, a ground 
fault current in the DC circuit becomes not only an 
unbalanced current in the DC circuit but also an 
unbalanced current in the AC circuit . 

In this embodiment, the current transformer 5 is 
arranged in the inverter 2. However, the current 
transformer 5 may be arranged outside the inverter 2. 

A filter circuit 10 removes a predetermined 
frequency component from the differential current 
output from the current transformer 5. Since the 
inverter circuit used in this embodiment executes 
switching at a frequency of 20 kHz, the filter circuit 
10 removes a component of 20 kHz. 

A 2fc component removing circuit 15 removes a 
frequency 2fc that is twice the system AC frequency. 
In this embodiment, data corresponding to a half cycle 
(l/2fc (Hz)) of the system AC frequency is averaged and 
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output . 

To remove the frequency component 2fc twice the 
system AC frequency, the frequency 2fc is removed using 
a band filter, or data is sampled at the zero-cross 
5 points of the system frequency in synchronism with the 
system frequency. Either method can be applied to this 
embodiment . 

A detection level setting device 21 outputs the 
threshold value of a preset ground fault detection 

o 

fj 10 value. This value is set in installing the inverter 2. 

i 

in Operation performed when the ground fault detection 

gj level is set to 50 mA will be described below. 

A comparator 20 compares the value output from 
the detection level setting device 21 with a value 
yf 15 obtained by passing the output from the current 

transformer 5 through the filter circuit 10 and 2fc 
component removing circuit 15. If the output value (DC 
output value) from the 2fc component removing circuit 
15 exceeds the value output from the detection level 
20 setting device 21, the comparator 20 outputs a ground 
fault detection signal. 

The control circuit 6 controls the inverter 
circuit 7 and system interconnection switch 8 . Upon 
receiving a ground fault detection signal from the 
25 comparator 20, the control circuit outputs a stop 
instruction and disconnection instruction to the 
inverter circuit 7 and system interconnection switch 8 , 
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respectively. 

The operation of the ground fault detection 
apparatus according to this embodiment with the above 
arrangement will be described next. 
5 As described above, in the inverter 2 of this 

embodiment, the current transformer 5 obtains a 
differential current Ic between the current supplied 
from the positive pole side of the solar battery array 
J! 1 and the current supplied from its negative pole side. 

6j 10 A ground fault state of the DC current path is detected 
Ul from the level of the differential current Ic. More 

CO specifically, the ground fault detection apparatus is 

03 

* constituted by the current transformer 5, the filter 

circuit 10 that removes a PWM component, the 2fc 

m 15 component removing circuit 15 that removes the 

■1 

£■ influence of the frequency 2fc twice the system 

frequency, the comparator 20, and the detection level 
setting device 21. 

Figs . 3A to 3D are graphs showing signal 

20 waveforms related to ground fault detection. Fig. 3A 

shows the waveform of the system AC voltage output when 
the inverter 2 is steadily operating. Fig. 3B shows 
the detection waveform of the current transformer 5 at 
that time. Fig. 3C shows a waveform obtained by 

25 removing a PWM component, i.e., a switching frequency 
of 20 kHz in this embodiment, from the detection 
waveform of the current transformer 5. Fig. 3D shows a 
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result obtained by removing the frequency component 2fc 
twice the system AC frequency, i.e., a waveform 
obtained by averaging time data corresponding to the 
half cycle of the system AC frequency. At this time, 
assume that the solar battery array 1 has no ground 
fault, and the solar power generation system is 
continuing operation with a predetermined power 
generation amount. 

When the inverter circuit 7 executes switching to 
generate the waveform of a single-phase three-wire 
output of 200 V as shown in Fig. 3A, an AC component 
having a frequency twice the commercial AC frequency is 
superposed on the DC current path of the solar battery 
array 1 . An AC leakage current is generated by the 
interaction between that component and the 
electrostatic capacitance between the solar battery 
array 1 and ground (GND) . At this time, the AC 
component of the DC current path is suppressed by the 
capacitor 22 shown in Fig. 1. To sufficiently suppress 
the AC variation, the capacitance of the capacitor must 
be increased. Since a capacitor having a high 
breakdown voltage must be used as the capacitor 22, an 
increase in capacitance increases the cost and space. 
In the inverter of this embodiment, a capacitor with a 
capacitance of several thousand |xF is used as the 
capacitor 22. Even with a capacitor with such a 
capacitance, an AC variation occurs in the DC current 
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path, and an AC leakage current is generated by the 
electrostatic capacitance of the solar battery array 1. 

A ground fault detection waveform as shown in 
Fig. 3B is detected by the current transformer 5 due to 
the influence of the AC leakage current . The ground 
fault detection waveform shown in Fig. 3B contains a 
PWM component by the switching frequency of 20 kHz . A 
waveform as shown in Fig. 3C is obtained by removing 
the PWM component by the filter circuit 10. However, 
the waveform shown in Fig. 3C contains the frequency 
component 2fc twice the system AC frequency. When the 
frequency component 2fc is removed by the 2fc component 
removing circuit 15, a waveform shown in Fig. 3D is 
obtained. 

As described above, in this embodiment, a ground 
fault state is detected using a signal waveform 
obtained by removing not only the PWM component but 
also the frequency component twice the system AC 
frequency. For this reason, any operation error that 
stops the inverter upon erroneously determining a 
ground fault due to the influence of the AC leakage 
current component by the electrostatic capacitance can 
be prevented. 

Assuming that a ground fault has actually 
occurred, ground fault detection in which only the 
switching frequency of 20 kHz is removed and ground 
fault detection in which the frequency 2fc twice the 
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system AC frequency is also removed in addition to the 
switching frequency of 20 kHz will be compared. Assume 
that 50 mA is set in the detection level setting device 
21 as a detection level. 

Figs. 4A to 4F are graphs that plot time along 
the abscissa and the level along the ordinate. 
Figs . 4A and 4D show the signal levels of a ground 
fault component Idc. Figs. 4B and 4E show signal 
levels obtained when only the switching frequency of 20 
kHz is removed. Figs. 4C and 4F show signal levels 
obtained when averaging is executed to remove the 
frequency 2fc twice the system AC frequency as well as 
the switching frequency of 20 kHz from the detection 
signal of the current transformer 5 . Figs . 4A to 4C 
show a case wherein a ground fault of 60 mA has 
occurred at time Tl . Figs. 4D to 4F show a case 
wherein a ground fault of 40 mA has occurred at time T2. 

The actual ground fault component Idc in the 
solar battery array 1 has the levels shown in Figs. 4A 
and 4D. However, the signal level output from the 
current transformer 5 is equivalent to the sum of the 
ground fault component Idc and AC leakage current 
component lac. When only the switching frequency of 20 
kHz is removed from the signal of the current 
transformer 5 by the filter circuit 10, signal levels 
as shown in Figs. 4B and 4E are obtained. Even in this 
state, since the influence of the AC leakage current 



component lac is large, it is difficult to determine 
whether the ground fault component Idc exceeds the 
threshold value "50 mA" . For this reason, the 
above- described detection error occurs at high 
5 probability. 

In addition, the value of the AC leakage current 
component lac changes depending on the magnitude of the 
switching current, i.e., the power generation amount. 
For this reason, if the influence of the AC leakage 

10 current component lac is large, no DC ground fault can 
accurately be detected. 

On the other hand, in the arrangement of this 
embodiment, since the frequency component 2fc twice the 
system AC frequency is removed from the detection 

15 signal of the current transformer 5 by the 2fc 

component removing circuit 15 in addition to the PWM 
component of the switching frequency of 20 kHz, it is 
determined from the signal levels shown in Figs . AC and 
4F whether the ground fault component Idc exceeds the 

20 threshold value "50 mA" In this case, the influence of 
the AC leakage current component lac becomes small, as 
shown in Figs. 4C and 4F. Hence, in the case shown in 
Fig. 4C, it can accurately be determined that Idc 
exceeds 50 mA. In the case shown in Fig. 4F, it can 

25 accurately be determined that Idc does not exceed 50 mA. 

As described above , according to this embodiment , 
since the influence of the AC leakage current component 
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can be reduced by removing the frequency component 2fc 
twice the system AC frequency from the detection signal 
of the current transformer 5 , a DC ground fault can 
more accurately be detected. 
[Second Embodiment] 

The second embodiment of a ground fault detection 
apparatus according to the present invention will be 
described below. In the first embodiment, to reduce 
the influence of the AC leakage current component due 
to the electrostatic capacitance, averaging processing 
of removing the frequency component 2fc twice the 
system AC frequency from the ground fault detection 
value is executed. In this embodiment, a variation in 
voltage to ground in a DC current path is detected. In 
addition, the capacitance to ground value of a solar 
battery is input in advance. A predetermined 
arithmetic operation is executed using the 
voltage -to -ground variation value and electrostatic 
capacitance value as parameters to calculate an AC 
leakage current component due to the capacitance to 
ground. With this processing, the influence of the AC 
leakage current due to the capacitance to ground of the 
solar battery array is reduced from the ground fault 
detection value, thereby accurately detecting a DC 
ground fault . 

Fig. 5 is a block diagram showing the schematic 
arrangement of a solar power generation system that 
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employs the ground fault detection apparatus of this 
embodiment . Like the arrangement described with 
reference to Fig. 1, the solar power generation system 
comprises a solar battery array 1 and inverter 41. The 
output from the inverter 41 is output to a commercial 
AC power system 4. The ground fault detection 
apparatus is arranged in the inverter 41. The same 
reference numerals as in the first embodiment denote 
the same components in Fig. 5, and a description 
thereof will be omitted. Parts different from the 
first embodiment will be described. 

A voltage- to- ground variation detection means 30 
detects a variation in difference voltage between the 
ground potential and the potential to ground in the DC 
current path that connects the solar battery array 1 
and booster circuit 9 . 

A capacitance to ground setting means 31 inputs 
the electrostatic capacitance of the solar battery 
array 1 in advance. Since the capacitance to ground 
value of the solar battery array is determined by the 
type and capacity of the solar battery array, the type 
and power generation capacity of the solar battery 
array may be input. When the type of a solar battery 
to be used has been determined in advance, only the 
power generation capacity is input. If the power 
generation capacity has also been determined, a fixed 
value is used. 
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A calculation section 32 calculates an AC leakage 
current prediction value from the electrostatic 
capacitance of the solar battery array 1 on the basis 
of the detection value of the voltage-to-ground 
5 variation detection means 30 and the set value of the 
capacitance to ground setting means 31. 

That is, letting E be a value detected by the 
voltage- to-ground variation detection means 30, f be 
O the frequency, and C be the electrostatic capacitance 

III 10 value set in the capacitance to ground setting means 31, 

Iff 

to an AC leakage current i is given by 

~= i = 2jtfCE 

q A calculation section 33 receives a ground fault 

jf* detection value detected by a current transformer 5 and 

^ 15 the AC leakage current prediction value by the 

g 

W calculation section 32 and outputs a signal obtained by 

subtracting the AC leakage current prediction value 
from the ground fault detection value to a comparator 
20. When the output value from the calculation section 
20 33 exceeds a value set by a detection level setting 
device 21, the comparator 20 outputs a ground fault 
detection signal. A filter circuit 34 removes a PWM 
component . 

In the inverter 41 of this embodiment, the ground 
25 fault detection apparatus is constituted by the current 
transformer 5, filter circuit 34, voltage-to-ground 
variation detection means 30, capacitance to ground 
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setting means 31, calculation sections 32 and 33, 
comparator 20, and detection level setting device 21. 

The operation of the ground fault detection 
apparatus of this embodiment will be briefly described. 
A variation in voltage to ground in the DC current path 
of the solar battery array 1 is detected. On the basis 
of the detected value and the set value of the 
capacitance to ground, an AC leakage current prediction 
value from the electrostatic capacitance is calculated 
in accordance with a predetermined equation. A value 
obtained by subtracting the prediction value from the 
detection value of the current transformer 5 is 
compared with the detection threshold value, thereby 
determining a ground fault state. 

As described above, according to this embodiment, 
a ground fault state is determined on the basis of a 
value obtained by subtracting an AC leakage current 
prediction value calculated from a variation in voltage 
to ground and an electrostatic capacitance value from 
the output of the current transformer. With this 
processing, the influence of the AC leakage current 
component is reduced, thereby more accurately detecting 
a DC ground fault. 
[Third Embodiment] 

The third embodiment of a ground fault detection 
apparatus according to the present invention will be 
described below. In this embodiment, a variation in 
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voltage of the booster section of an inverter is 
detected. In addition, the capacitance to ground value 
of a solar battery is input in advance. A 
predetermined arithmetic operation is executed using 
the voltage-to-ground variation value and electrostatic 
capacitance value as parameters to calculate the 
prediction value of an AC leakage current due. With 
this processing, the influence of the AC leakage 
current is removed from the ground fault detection 
value, thereby accurately detecting a DC ground fault. 

Fig. 6 is a block diagram showing the arrangement 
of a solar power generation system including the ground 
fault detection apparatus of this embodiment. Like the 
arrangement described with reference to Fig . 1 , the 
solar power generation system comprises a solar battery 
array 1 and inverter 51. The output from the inverter 
51 is output to a commercial AC power system 4. The 
ground fault detection apparatus is arranged in the 
inverter 51. The same reference numerals as in the 
first and second embodiments denote the same components 
in Fig. 6, and a description thereof will be omitted. 
Parts different from the first and second embodiments 
will be described. 

A booster section voltage variation detection 
means 35 detects a state wherein the voltage section 
boosted by a booster circuit 9 varies due to an 
inverter circuit 7 . 
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A calculation section 36 calculates an AC leakage 
current prediction value from the electrostatic 
capacitance of the solar battery array 1 on the basis 
of the detection value of the booster section voltage 
variation detection means 35 and the set value of a 
capacitance to ground setting means 31. 

That is, letting E be a value detected by the 
voltage-to-ground variation detection means 30, f be 
the frequency, and C be the electrostatic capacitance 
value set in the capacitance to ground setting means 31, 
an AC leakage current i is given by 

i = 2rcfCE 

A calculation section 37 receives a ground fault 
detection value detected by a current transformer 5 and 
the AC leakage current prediction value by the 
calculation section 36 and outputs a signal obtained by 
subtracting the AC leakage current prediction value 
from the ground fault detection value to a comparator 
20. When the output value from the calculation section 
33 exceeds a value set by a detection level setting 
device 21, the comparator 20 outputs a ground fault 
detection signal. 

In the inverter 51 of this embodiment, the ground 
fault detection apparatus is constituted by the current 
transformer 5, the filter circuit 34 that removes the 
PWM component, the booster section voltage variation 
detection means 35, the calculation sections 36 and 37, 
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the comparator 20, and the detection level setting 
device 21. 

The operation of the ground fault detection 
apparatus of this embodiment will be briefly described. 

This embodiment exploits the fact that as the 
variation in voltage of the booster section generated 
by switching of the inverter circuit 7 increases, the 
AC leakage current due to the electrostatic capacitance 
of the solar battery array 1 increases . 

That is , the AC leakage current prediction value 
due to the electrostatic capacitance is calculated by 
the calculation section 36 on the basis of the output 
from the booster section voltage variation detection 
means 35 and the value stored in the capacitance to 
ground setting means 31. Then, the calculated 
prediction value is subtracted from the detection value 
of the current transformer 5 by the calculation section 
37 to reduce the influence of an AC leakage current 
component lac, thereby more accurately detecting a DC 
ground fault. 

The voltage variation in the booster circuit 9 is 
determined by the switching current of the inverter 
circuit , i.e., the power generation amount of the 
inverter and the capacitance of a capacitor 22. Hence, 
the AC leakage current due to the capacitance to ground 
of the solar battery array is determined by the power 
generation amount of the inverter and the capacitance 
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to ground of the solar battery. 

In a control circuit 6, the leakage current 
prediction value from the electrostatic capacitance may 
be calculated on the basis of the power generation 
amount of the inverter and the input value from the 
electrostatic capacitance setting means. 

As described above, according to this embodiment, 
a value calculated from the detection value of a 
variation in inverter booster section voltage and the 
capacitance to ground value of the solar battery array 
is removed from the detection signal of the ground 
fault detection means to reduce the influence of the AC 
leakage current component , thereby more accurately 
detecting a DC ground fault. 
[Other Embodiment] 

Fig. 7 is a graph showing a change in leakage 
current prediction value due to an electrostatic 
capacitance, which is obtained from the power 
generation amount of an inverter and an electrostatic 
capacitance. As shown in Fig. 7, the leakage current 
is proportional to the power generation amount and 
capacitance to ground. 

Even when the influence of an AC leakage current 
component lac is reduced by subtracting a leakage 
current prediction value obtained from the graph shown 
in Fig. 7 from the detection value of a ground fault 
detection means, a DC ground fault can accurately be 
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detected . 

The present invention can be applied to a system 
constituted by a plurality of devices or to an 
apparatus comprising a single device. 

Further, the object of the present invention can 
also be achieved by providing a storage medium storing 
program code for performing the aforesaid processes to 
a computer system or apparatus (e.g., a personal 
computer), reading the program code, by a CPU or MPU of 
the computer system or apparatus, from the storage 
medium, then executing the program. 

In this case, the program code read from the 
storage medium realize the functions according to the 
embodiments, and the storage medium storing the program 
code constitutes the invention. 

Further, the storage medium, such as a floppy 
disk, a hard disk, an optical disk, a magneto -optical 
disk, CD-ROM, CD-R, a magnetic tape, a non-volatile 
type memory card, and ROM can be used for providing the 
program code. 

Furthermore, additional functions according to 
the above embodiments are realized by executing the 
program code which are read by a computer. The present 
invention includes a case where an OS (operating 
system) or the like working on the computer performs a 
part or entire process in accordance with designations 
of the program code and realizes functions according to 
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the above embodiments . 

Furthermore, the present invention also includes 
a case where, after the program code read from the 
storage medium are written in a function expansion card 
which is inserted into the computer or in a memory 
provided in a function expansion unit which is 
connected to the computer, a CPU or the like contained 
in the function expansion card or function expansion 
unit performs a part or entire process in accordance 
with designations of the program code and realizes 
functions of the above embodiments. 

As many apparently widely different embodiments 
of the present invention can be made without departing 
from the spirit and scope thereof, it is to be 
understood that the invention is not limited to the 
specific embodiments thereof except as defined in the 
appended claims . 
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